I. Introduction
In petroleum exploration, the consequences of overpressures can be desirable in the sense that they encourage hydrocarbon migration. They can also reinforce the efficiency of the seal and thus protect the accumulation or can even have been at the origin of the structure through clay diapirism (Mouchet and Mitchell, 1989) . Sometimes the impacts of overpressures are undesirable since they are often unpredictable and unquantifiable ahead of drilling. Exploration drilling may sustain heavy losses in both human and financial terms because of incomplete knowledge of formation pressure (Harkins and Baugher, 1969) . Prediction of overpressure before drilling is critical at several stages in the exploration and development processes. In the exploration phase, it can assist in assessing the seal effectiveness and in mapping hydrocarbon migration pathways. It can also assist in the analysis of trap configurations and basin geometry, and provide calibration for basin modelling. In the drilling phase, an accurate pore-pressure prediction can be vital for safe and economic drilling (Dutta, 2002; Nfor, 2011) .
Several authors have used different methods to determine overpressure zones in the Niger Delta. Owolabi et al (1990) used resistivity logs, Osinowo et al (2007) used interval transit time, Omolaiye et al (2009) used seismic data. Some of the other methods appplied include rate of penetration, (Jorden and Orval, 1964; Combs, 1968) , temperature was also applied by Jones (1978) , and shale density and velocity analysis by Satinder and Huffman (2006) . This paper uses interval transit-time porosity and acoustic impedance to establish top of overpressure.
In the Niger Delta basin, where petroleum exploration has been continuing since the 1950s, it becomes necessary to assess overpressure zones in the basin, which is one of the hydraulic properties of rocks.
II. Causes and Effects of Overpressure
In the world's sedimentary basins, overpressures are associated with permeability barriers, tectonics, shale diagenesis, basin structure, and undercompaction among other factors (Hiller, 1991) . In the Niger Delta basin, the very rapid deposition of Akata shales on the basement top has a sealing effect on the pores of shales. The sealing effect ceases the vertical flow of water and fluids cannot migrate freely. This causes undercompaction of the formations and abnormal high pressures are created (Bruce, 1973) . The sealing effect can also be created as undercompacted and buoyant Akata shales below upheave into the overlying Agbada formation as demonstrated in Figure 3 (Weber and Daukuru, 1975; Whiteman, 1982) . The Niger Delta is situated at the West African margin of the Gulf of Guinea (Fig. 1) . The stratigraphic sequence of the Niger Delta basin has been described by Short and Stauble (1967) , Ofoegbu (1985) , Uko et al. (1992) . The Delta is composed of three major structural Formations: Akata, Agbada and Benin Formations (Fig.  2) . The Benin Formation is the upper alluvial coastal plain depositional environment of the Niger Delta Complex. It extends from the west Niger Delta across the entire Niger Delta area and to the south beyond the present coastline. The formation was deposited in a continental fluviatile environment and composed almost entirely of non-marine sandstone. It consists of coarse-grained sandstones, gravel lignite streaks and wood fragments with minor intercalation of shales. Benin Formation is of Miocene to younger age and has a variable thickness that exceeds 1820 m. In the subsurface, it is of Oligocene age in the north becoming progressively younger southwards but ranges from Miocene to Recent as generally accepted. Very little hydrocarbon accumulation has been associated with this formation (Short and Stauble, 1967) .
The Agbada Formation underlies the Benin Formation. It was laid down in paralic brackish to marine fluviatile, coastal environments. It is made up mainly of alternating sandstone, silt and shale. The sandstones are poorly sorted, rounded to sub-rounded, slightly consolidated but majority are unconsolidated. The sandstones grade into shale in the lower part of the formation. Agbada Formation ranges in age from Eocene in the north to Pliocene in the south. The sandy parts of the formation are known to constitute the main hydrocarbon reservoirs of the delta oil fields and the shales constitute seals to the reservoirs. The thickness of the formation reaches a maximum of about 4500 m (Short and Stauble, 1967) .
The Akata Formation is the lowest unit of the Niger Delta complex. It is composed of mainly shale with sandstones and siltstones locally interbedded. The Formation becomes shalier with depth. It was deposited in a marine environment and has a thickness, which may reach 7000 m in the central part of the delta. The Akata Formation outcrops offshore in diapirs along the continental slope, and onshore in the north east, where they are called Imo Shale. The age of the Akata Formation ranges from Eocene to Recent (Short and Stauble, 1967) .
III. Materials And Methods
In this paper, critical investigation was carried out on 19 closely-spaced petroleum wells-logs. The data obtained from these wells were used to estimate parameters such as porosity, velocity, acoustic impedance, overburden pressure, and lithologies.
Lithology Estimation
Gamma-ray log (Fig. 4 ) was used to delineate the lithologies at the pre-determined depth intervals. The American Petroleum Institute (API) values ranges from sandstone line 0 to shale line 150. As the signature of the log move towards the higher values, the formation becomes more shaly. The delineation approach enabled us to estimate and establish the lithological sequence of the formation of the study area. Table 1 shows sand percentages at various depths, while Figure 5 is a cross plot of depth-sand percentages.
Porosity estimation
The Sonic logs, (Fig.4) , were digitized to obtain transit time with which porosity is being computed using the relationship established by Schlumberger (1985) :
where t ma is the transit time of the matrix material (s/ft), and t = reading on the Sonic log (s/ft). The interval transit time values were picked from the sonic log with depth. The reciprocal of the transit time gives the transit velocity. Porosity is treated as a function of lithology and depth, ranging from 5% for shales at a depth of about 4250m and 51% for surface sandstones.
Acoustic velocity and impedance estimation
Acoustic velocity, Vp, was computed by taking the reciprocal of the transit time, and is given as:
(2) Bulk density with depth was estimated using Density log. Compressional acoustic impedance, AI, is a product of bulk density and acoustic velocity, and is given as:
, where V p is velocity in cms -1 , and ρ is density in gcm -3 .
Pore overburden pressure
This parameter was deduced using the relation: P = hgρ (4) Where P = overburden pressure, h = depth of burial of rock, ρ = density of rock, g = acceleration due to gravity.
IV. Results and Discussion
Normal and abnormal pore pressure zones were delineated based on the principle of normal and deviation from normal porosity trends. The transition between the two trends signifies the top of the overpressure zone. The accuracy of the predicted overpressure zone was confirmed from the computed densityderived acoustic impedance for shale-sandstone lithologies, Figure 6 . The variation to the depth of the overpressure between the predicted and the observed values was less than 5m, with confidence of over 90%. This depth conforms to the thick marine Agbada shales using composite log. Prediction of the top of the overpressure zone within the North-west of Niger Delta for potential wells will be total depth beyond 3300m sub-sea for safer drilling programme. 
Porosity
Porosity values range between 9% at depth and 51% at the surface. The computed porosity is plotted against depth. Porosity decreases with depth. The porosities were also plotted against depth on a semi log paper with porosity values on logarithmic scale and depth values on the linear scale. A line of best fit is drawn through the plotted points showing porosity-decreasewith-depth trend, in normal compaction (Fig. 5) .
Pressure gradient
In normal pressure environments the plots of depth versus porosity on semi log paper show all data points falling along the line of normal compaction trend (Figures 5 -7 ). This plot establishes both normal and abnormal compaction trend with the view to predict well abnormal geopressures. A sudden increase in porosity with depth implies the presence of overpressures (under compaction), Figures 5, 6 and 7 is due to an increase in porosity, implying the presence of overpressures (under compaction). Under normal compaction, porosity of rocks decrease with depth, but when overpressured (under compacted) layers are encountered, the trend is reversed in Figures 5, 6 and 7. Abnormal formation pressures at a depth of between 3300 and 4000m was observed in the area of study.
V. Conclusion
In conclusion, Porosity is controlled by depth of burial; Porosity increases below the top of undercompacted overpressured shaley Agbada formation at the depth of 3300m; Over pressure is encountered from about 3300m which is an effective depth of concern as effective pressure at this depth is enormous to cause massive devastation if not accurately predicted drilling. Pressure gradient in the upper normal pressure of the field is determined to be 0.989 psi/ft, this implies that within the established normal pressure gradient of 0.71 -1.1 psi/ft in the Niger Delta. Formation overpressure gradient is determined to be 1.40 psi/ft. The overpressure zone coincides within the high shale-to-sand ratio of Agbada under compacted Formation. The identification of the tops of overpressure zones in any formation penetrated by a borehole enhances the use of normal drilling techniques of the borehole. This also reduces the cost of drilling the entire well as the special drilling technique will be applied only in the overpressure zones. This finding can aid in the prevention of drilling accident and resource wastage in exploration activities.
